The microstructure of a weldment can be maintained by ensuring a steady state homogenous melting profile of the welding operation, which includes the deposition of optimum volumes of melted filler wire and substantial part of the heat affected zones of the parent metal to form the weld pool. The melting pattern of the entire welding process should be protected from atmospheric air, so as to enhance weldment quality. In this study, the melting profile of mild steel is investigated by looking at the parent metal angular distortion bead width and penetration volumes of deposited filler and the melting efficiency was determined. Predictive models were also developed to determine the above listed melting properties by applying the regression analysis. The result obtained showed that, there is almost a perfect fit between the calculated and predicted angular distortion, as well as between the calculated and predicted volume of filler wire melted. There is also a close correlation between the calculated and predicted melting efficiency. However, for the bead width, bead penetration and volume of weld metal deposited, there were variations of values and a heterogeneous correlation between the calculated, measured and predicted values. The effects of the process parameters on the obtained properties of the melting profile were investigated and optimum process parameters were determined. Idiapho et al.; JERR, 5(1): 1-25, 2019; Article no.JERR.48715 2
INTRODUCTION
Local welders in Nigeria are prone to poor quality weldment because of their lack of technical welding skills. When these local welders carry out their welding operations, the welded joints are considered to be good enough just because the metal materials welded together are seen to be good and satisfactory. In most cases, these welded joints do not serve their useful life due to the poor quality of the weldment. Material quality can easily be assessed by inspecting the microstructure of the weldment. However, what determines the behavior and characteristics of the weld microstructure is the weld metal melting profile. When the filler wire and the heat affected zones of the parent material melt to form the weld pool, the melting process may be in such a way that there may be significant entrance of the atmospheric air into the molten weld metal or there may not be sufficient arc heat to produce a homogenous weld metal flow pattern. The solidified welded joint product may contain a poor microstructure. The melting profile of the filler wire has a very significant impact on the microstructure of welded joints. It is suggested that the combination of process parameters should be well optimized to avoid the production of poor weldment. Aside from the optimization of process parameters, prediction of the resultant output parameters in relation to some combination of input parameters can further eliminate the cost of optimization process and the time spent on the optimization process. Predicted combination of process parameters give near optimal output parameters. In most cases the difference between the experimental results and the predicted results are evaluated. However, the difference is usually denoted as the error. The smaller the error between the experimental and predicted results, the more potent the predictive model or equation applied.
Researchers in the past, such as Lee and Um [1] , predicted welding process parameters using multiple regression analysis and artificial neutral network. The prediction results showed low error enough to be applied to real welding. Gunaraj and Murugan [2] predicted and optimized weld bead volume for submerged arc welding process using a five level, four factor, central composite rotatable factorial design consisting of thirty one sets of cooled conditions. Sreeraj et al. [3] in a gas metal arc welding process using response surface methodology and Fmincon. The developed model was checked for adequacy and the process parameters were optimized by using the Fmincon function. Lalitnarayan et al. [4] predicted the weld bead geometry for CO 2 welding process using multiple regression analysis. Karthikeyan and Balasubramanian [5] predicted the optimized friction stir spot welding process parameters for joining AA2024 aluminum. These authors used a central composite rotatable design with four factors and five levels to minimize the number of experimental
conditions. An empirical relationship was established to predict the tensile shear fracture load of friction stir spot welded AA2024 aluminum alloy by incorporating independently controllable Friction Stir Spot Welding (FSSW) process parameters. Response surface methodology was applied to optimize the FSSW parameters to attain maximum lap shear strength of spot weld. In this study, the weld metal melting profile of Gas Metal Arc Welding (GMAW) mild steel weld is investigated using the regression method.
MATERIALS AND METHODS

Materials
The Gas Metal Arc Welding (GMAW) was used to weld 4 mm mild steel. The input parameters used for this study are current, voltage, welding speed and welding angle. The welding machines contain the welding gun, shielding gas consisting of 80% argon and 20% carbon dioxide. A 3.2 mm consumable wire electrode of AWS classification ER70S-3 was used for the welding operation. The Brinell hardness tester was used in this study to determine the weld or test specimen's hardness number. The higher the Brinell hardness number (BHN), the harder the specimen becomes. The sixteen process parameters were used to make weldments. Each combination of process parameters were used to make five weldments and each of these weldments were bisected. The bead heights of each of the five weldments were measured using a caliper micrometer and the average value of the bead heights was recorded.
Eighty weldments were made with the sixteen process parameters and sixteen average values of the bead heights were recorded. Power saw was used to cut the weld bead so that the bead height can be measured. It functions by drawing a blade containing teeth through the work piece. The sawing machine is preferred to the hand saw because it is faster and easier and principally produces an accurate square or mitered cut on the workpiece. The power hacksaw is used for squared or angle cutting of metal. It uses a reciprocating (back and forth) cutting action.
Methods
The following equations were used to determine the output process parameters Artem Pilipeniko [6] reported a relationship for Angular distortion, ∝. Table 1 shows the input and output process parameters which comprise of eighteen (18) welding runs. Each input parameter was used to make weldments and the corresponding output parameters contain the average values obtained for them.
RESULTS AND DISCUSSION
Results
From Table 1 , using the melting efficiency as an optimization criterion, the welding process parameters of welding experiment one (1), would be the optimized process parameters.
Linear Regression Model
Utilizing the linear regression analysis method, the angular distortion of the mild steel plate is considered here. Table 2 contains the goodness fit coefficients of the linear regression analysis conducted. Table 3 contains the statistical model parameters determined for the angular distortion.
Angular Distortion, α
From Table 3 , the Predictive model obtained is expressed in Eq. (6) Model equation: α = -0.206 -1.598*S + 0.015*I + 0.140*V + 0.016t (6) The predictive model in Eq. (6) is used to determine the predicted angular distortion values that compare with the calculated values in Table  4 . Table 5 contains the goodness fit coefficients of the linear regression analysis conducted for bead width. Table 6 contains the statistical model parameters determined for the bead width.
Bead Width
From Table 6 , the Predictive model obtained is expressed in Eq. (7) Model equation: w = 9.564 -1.527*S + 0.012*I -0.049*f + 0.170*V -0.143*t (2) (7)
The predictive model in Eq. (7) is used to determine the predicted bead width values that compare with the calculated values in Table 7 . Table 8 contains the goodness fit coefficients of the linear regression analysis conducted for bead penetration. Table 9 contains the statistical model parameters determined for the bead penetration.
Bead Penetration, p
From Table 9 , the Predictive model obtained is expressed in Eq. (8)
Model equation: p = -1.093 + 4.556*S -0.002*I -0.032*f + 0.044*V -0.100*t
The predictive model in Eq. (8) is used to determine the predicted bead penetration values that compare with the calculated values in Table  10 . Table 11 contains the goodness of fit coefficients of the linear regression analysis conducted for volume of weld metal deposited per second. The predictive model in Eq. (10) is used to determine the predicted volume of wire melted values that compare with the calculated values in Table 16 . 
Volume of Weld Metal Deposited Per Second, V m
For clarity, Table 20 was created to show the comparison between experimental and predicted values. Fig. 1(a) shows the correlation between the experimentally calculated angular distortion and the predicted angular distortion using Eq. (6). From Fig. 1(a) , it can be seen that there is almost a perfect fit between the calculated angular distortion and the predicted angular distortion. This indicates that the predicted model developed using regression analysis is very potent. Fig. 1(b) shows the correlation between the experimentally measure bead width and the predicted bead width. From Fig. 1(b) , it can be seen that there are obvious variations in the correlation process. The predictive model shown in Eq. (7) could not accurately predict the bead width but the variations in their values are not too far apart. Fig. 1(c) shows the correlation between the experimentally measured bead penetration and the predicted bead penetration. From Fig. 1(c) , it can be seen that the variations between the bead penetration measured values and predicted values are little bit far apart. The predictive model found in Eq. (8) has not been able to accurately predict the bead penetration but the predicted values are fairly close to the measured values. Fig. 1(d) shows the correlation between the calculated volume of weld metal deposited and the predicted volume of weld metal deposited. It can be seen from Fig. 1(d ) that the predictive model was able to predict the volume of weld metal deposited with little variations when compared with the experimental calculated one. Fig. 1(e) shows the correlation between the experimentally calculated volume of filler wire melted and its predicted values. From Fig. 1(e) , it can be seen that there is a perfect match between the predicted and experimentally calculated volume of filler wire melted. The predictive model is very potent. Fig. 1(f) shows the correlation between the predicted melting efficiency and the calculated melting efficiency. From Fig. 1(f) , it can be seen that there is a close correlation between the calculated melting efficiency and the predicted one. However, there is some little variation between their values. The predictive model is indicated in Eq. (11) is potent. Fig. 2(a) shows that the relationship between the angular distortion and the welding speed. Murugan and Gunaraji [9] were of the opinion that angular distortion is a major problem, most pronounced among different types of distortion in the butt welded plates. The authors said that angular distortion is mainly due to non-uniform transverse shrinkage along the depth of the plates welded. From Fig. 2(a) , it is observed that between the angular distortion of 2.25 and 2.75 the welding speed of 2.4 mm/s remains unchanged. As the welding speed increases from 2.4 mm/s to 2.52 mm/s, the angular distortion increases from 2.75 to 3.75. At 3.75, the residual stresses' generated by the continuous increase in the angular distortion have reached their peak and therefore begin to degenerate into a notch like structure. As the welding speed advances from 2.5 mm/s to 2.8 mm/s, the angular distortion gradually increases from 4 to 6.75. The observations above show that there is a positive correlation between the welding speed and angular distortion.
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Effect of process parameters on weld metal melting profile
Mandal and Parmar [10] used the two level full factorial techniques to develop mathematical models and reported that welding speed had a positive effect on angular distortion for single pass or multiphase welding. Fig. 2(b) shows the relationship between welding current and angular distortion. From Fig. 2(b) , it can be seen that as the welding current increases, the angular distortion reduces. This indicates that the increase in current refines the microstructure. This eventually produces a denser and more controllable weldment that is much less susceptible to distortion. However, when the current reduces to 210A, the angular distortion obtained can be very high an uncertain. The mild steel weldment is termed to be uncertain because two angular distortions of 5.75 and 6.75 occurred simultaneously and steeply too. The jump from 5.75 to 6.75 at a particular current shows the extent of strain that would have occurred in the weldment. This indicates that the grains in the weld microstructure are macro grains. Fig. 2(c) shows that relationship between the wire feed rate and angular distortion of the material. From Fig. 2(c) , it can be seen that as the wire feed rate increases, the angular distortion of the weldment material decreases. This indicates that as the wire feed rate increase, more bare electrodes are consumed. These consumed electrodes can also be a form of weldment reinforcement that can limit angular distortion of the weldment from expanding. When there is deep weld penetration achieved during welding, weld reinforcement could be firmer and more robust and angular distortion reduced to its bare-minimum. Wire feed rate of 40 mm/s intends to be the major feed rate that can cause a massive occurrence of angular distortion of weldment. Fig. 2(d) shows the relationship between voltage and angular distortion of the weldment. From Fig. 2(d) , it is seen that as the voltage increases, the angular distortion also increases. This indicates that contrary to the effect of current on the angular distortion, the voltage exerts some pressure on the molten weld metal which strains the solidified weld metal and alters the weld microstructure. As the voltage is increased, the strain on the weld also increases. This increase in strain would eventually adversely affect the weldment. Fig. 2(e) shows the relationship between welding time and the weld angular distortion. From Fig. 2(e) , it can be seen that as the welding time increases, the angular distortion also increases. This indicates that as the welding welded increases, the heat treatment of the welded materials also increases. The increase in heat can lead to weld spatter, which eventually reduces the quality of the weld by increasing its angular distortion. Fig. 3(a) shows the relationship between welding speed and bead width. From Fig. 3(a) it can be generally inferred that as the welding speed increases, the bead width also increases. This shows that as the welding time is reduced, the formation of the bead width is prolonged and the bead formed so far may be exposed to moisture which produces coarse and angular microstructure. These features reduce the quality of the weld. The welding speed of between 2.55 mm/s and 2.70 mm/s, appear not to affect the geometry of the weld bead width. This indicates that, at that range of welding speed, the weld bead with 9mm remain unaltered. Fig. 3(b) shows that relationship between welding current and weld bead width. From Fig. 3(b) , it can be seen that as the welding current increases, the bead width reduces. This shows that the welding current refines the weld microstructure into finer grains or molecules which increases the density of the weld and controls weld spatter. These features eventually improve the weld quality and as such, the bead width is controlled.
Fig. 2. Effect of process parameters on angular distortion
Achebo and Odinikuku [11] were of the opinion that the smaller the bead width, the better the quality of the weldment. Therefore, in this case, the current is a vital process parameter responsible for the improvement of the quality of the weldment. Fig. 3(c) shows the relationship between wire feed rate and bead width. From Fig. 3(c) , it can be seen that as the wire feed rate increases, the weld bead width reduces. This indicates that as the wire feed rate increases, the welding speed also increases as well as the welding time. These features effectively make a good quality weld with adequate penetration, thereby creating C D E a weld bead with small bead width geometry. Fig.  3(d) shows the relationship between the voltage and weld bead width. From Fig. 3(d) , it can be seen that as the voltage increases, the weld bead width also increases. This indicates that the voltage has significant effect on the bead width. The voltage exerts some pressure on the bead geometry, as a result too many weld metal are deposited on the gap between the parent metals and these weld metals uncontrollably expand the dimensions of the bead geometry, thereby reducing the quality of the weldment. Fig. 3(e) shows the relationship between the welding time and the bead width. From Fig. 3(e) , it can be seen that as the welding time increases, the bead width is also increased. This shows that the prolonged heat treatment of the welding operation allows the deposition of lots of weld metal which makes it uncontrollably difficult to reduce the weld bead geometry such as the width. However, it can be observed that between the welding time of 15 seconds and 17 seconds, the bead width of 8.5 mm is unaltered. This indicates that, as these welding times, the strain that occur at the weld metal does not cause any further change in the bead width of 8.5 mm/. Fig. 4(a) shows that the relationship between the welding speed and weld bead penetration. From Fig. 4(a) , it can be seen that as the welding speed increases, the bead penetration also increases. This shows that as the welding time also reduces the molten weld metal flow experiences a Maragoni flow which flows into the gap of the parent metals that are being welded together, in a well guided manner and eventually achieving a deep penetration. Achieving a satisfactory depth of weld penetration reinforces the strength of the welded structure. Fig. 4(b) , it can be seen that as the current welding current and the bead penetration. From Fig. 4(b) , it can be seen that as the current increases, the bead penetration reduces. This indicates that, in this particular case, the current does not have significant effect on the bead penetration. The currents used in this study do not produce enough arc heat to melt sufficiently the filler metals that would fill the gap in between the parent metals to be welded together. Therefore, it can be concluded that current is not a major contributor to achieving an improved weld penetration geometry. Fig. 4(c) shows that the relationship between the wire feed rate and weld bead penetration. From Fig. 4(c) , it can be seen that as the wire feed rate increases, the bead penetration reduces. This indicates that increased wire feed rate over a very limited period of time would not have been able to produce enough molten weld metal to make adequate bead penetration. Fig. 4(d) shows the relationship between voltage and bead penetration. From Fig. 4(d) , it can be seen that as the voltage increases, the bead penetration also increases. This shows that the voltage exert enough pressure that strains the molten filler metal, this causes easy detachment of molten metal from the electrode/filler metal tip and the gap of the parent metals that are to be welded together and this process eventually causes large deposition of molten weld metal, thereby achieving a deep penetration of the weld metal. Fig. 4(e) shows the relationship between the welding time and weld bead penetration. From Fig. 4(e) , it can be seen that as the welding time increases, the bead penetration also increases. This shows that prolonged welding time allows for a lot of molten weld metal deposition which influences deep weld metal penetration. Fig. 5(a) shows the relationship between the welding speed and the volume of deposited weld metal. From Fig. 5(a) , it can be seen that as the welding speed increases, the volume of weld metal deposited also increases. This melting process results in increase deposition of molten weld metal which eventually increases the volume of the deposited weld metal. Fig. 5(b) shows the relationship between the welding current and the volume of deposited weld metal. From Fig. 5(b) , it can be seen that as the current increases, the volume of the deposited weld metal decreases. This indicates that as the arc heat increases, the filler metal melts and forms spatter. The spatter reduces the volume of weld metal deposited into the gap of the parent metal to be welded. Fig. 5(c) shows the relationship between wire feed rate and the volume of deposited weld metal. Form Fig. 5(c) , it can be seen that as the wire feed rate increases, the volume of weld metal deposited reduces. This can be attributed to the fact that when the wire feed rate increases, the amount of filler wire used is reduce therefore the volume of weld metal deposited is expected to be reduce. However, wire feed rate of 42.5mm/s appears to have incompletely high deposition of molten weld metal and can be seen as uncertain because there is a noticeable gap in the volume of weld metal deposition, which is between 120mm 3 /s and 320 mm 3 /s. Fig. 5(d) shows the relationship between the wire feed rate and volume of weld metal deposited. From Fig. 5(d) , it can be seen that as the voltage is increasing, the volume of deposited weld metal is also increasing. This indicates that the pressure exerted by the voltage causes a strain on the molten filler wire, which facilitates the detachment of molten metal droplets from the filler wire, this process eventually increases the volume of deposited weld metal into the gap between the parent metals to be welded together. However, voltage of 33V appears not to be certain in the sense of the fact that there was discontinuity in the deposition of molten weld metal. Fig. 5(e) shows the relationship between the welding time and the volume of the deposited weld metal. From Fig. 5(e) , it can be seen that as the welding time increases, the volume of the deposited weld metal also increases. This indicates that, because there was prolong heat treatment on the filler wire, the amount of filler wire melted was so many and this eventually increased the volume of weld metal deposited. However, as the welding time of 21 seconds, there is a discontinuity in the deposition of molten weld metal. This could be as a result of influx of interfering atmospheric air in to the welding environment. This could cause the oxidization of the molten weld metal, making the molecules enlarges, causing disruption in the flow of molten weld metal which eventually causes a discontinuity in the deposition of molten weld metal. Fig. 6(a) shows the relationship between the welding speed and the melting efficiency of the welding process. From Fig. 6(a) , it can be seen that as the welding speed increases, the melting efficiency of the welding process also increases. This indicates that the welding speed facilitates the detachment of the electrode wire droplets by localizing the arc heat on the electrode wire. This process eventually sufficiently, in a guided manner, effectively melts the electrode wire in order to achieve deep weld penetration. However, a welding speed of 2.78 mm/s and 2.9 mm/s produces melting efficiencies of between 27% and 50% as recorded in literature by other researchers. Fig. 6(b) shows the relationship between the welding current and melting efficiency. From Fig. 6(b) , it can be seen that as the welding current increases, the melting efficiency reduces. This indicates that either the current may not have produced sufficient heat to melt the electrode wire or the current may have produce intense arc heat that would have cause weld spatter and highly heterogeneous filler wire melting phenomena which would eventually affected the melting pattern of the entire welding process. Fig. 6(c) shows the relationship between the wire feed rate and the melting efficiency of the welding process. From Fig. 6(c) , it can be seen that as the wire feed rate increases, the melting efficiency reduces. This indicates that as the wire feed rate increases, it lowers the welding time and this does not allow sufficient heat on the localized welding point between the electrode tip and the workpiece thereby causing melting of the electrode wire into the gap between the parent metal that are to be welded together the parent metal that are to be welded together. This process lowers the melting efficiency of the entire welding operation. Fig.  6(d) shows the relationship between the welding voltage and the melting efficiency. From Fig.  6(d) , it can be seen that as the voltage increases, the melting efficiency of the filler wire also increases. This indicates that the voltage that the voltage exert enough pressure to cause the required filler wire droplets that would cause controlled melting pattern which is expected to achieve deep weld penetration in between the gap created by the parent metals to be welded together. Voltages of 28.5V and 31V appear to be unaltered in making the melting efficiency of 28%. Fig. 6 (e) shows the relationship between welding timed and melting efficiency. From Fig.  6 (e), it can be seen that as the welding time increases, the melting efficiency also increases. This indicates that as the welding process is prolonged, more filler wires are melted and deep weld penetration is achieved. As a result of the melting efficiency in the filler wire melting process, the melting efficiency eventually optimized. However, welding time of 18 seconds and 23 seconds produced the welding operation that has melting efficiencies of between 27.5% and 50%. Fig. 7(a) shows the relationship between welding speed and volume of wire melted. From Fig. 7(a) , it can be seen that as the welding speed increases, the volume of filler wire melted also increases. This indicates that as the speed of the welding process increases, more filler wires are melted and the volume of deposited molten filler wire increases. This increases in the filler wire deposition helps to achieve deep weld penetration. From literature, it was researched that filler wire deposits over 95% of the volume of the entire molten weld metal deposited in the gap between the parent metals to be welded. About 5% of the deposited volume of weld metal comes from the heat affected zones of the melted parent metals. Fig. 7(b) shows the relationship between the welding current and the volume of wire melted. From Fig.  7(b) , it can be seen that as the welding current increases, the volume of the filler wire melted reduces. This indicates that the voltage does not exert enough pressure to detach the weld metal droplets from the filler wire tip as compared to the required number of welding cycles needed to sufficiently produce a satisfactory volume of molten weld metal. Fig. 7(c) shows the relationship between the ire feed rate and volume of wire melted. From Fig. 7(c) , it can be seen that as the wire feed rate increases, the volume of wire melted reduces. This indicates that as the wire feed rate increases, the time spent on heating and melting the filler wire is reduced. This process eventually reduces the volume of filler wire weld metal produced. Fig.  7(d) shows the relationship between the voltage and the volume of wire melted. From Fig. 7(d) , it can be seen that as the voltage increases, the volume f the filler wire melted also increases. This indicates that the voltage exerts enough pressure required to detach the molten weld metal droplets from the heated filler wire tips. These droplets formed under constrained heated environment, build up into large volume of melted filler wires. Fig. 7 (e) shows the relationship between welding time and volume of filler wire melted. From Fig. 7 (e), it can be seen that as the welding time increases, the volume of filler wire melted also increases. This indicates that as the welding time is prolonged, the number of filler wire melted increases and this process eventually increased the volume of filler wire that would be melted. When a large volume of melted filler wire is achieved, a deep weld penetration would also be achieved.
CONCLUSION
The melting profile of mild steel weldment has been successfully investigated and the volume of deposited weld metal has also been successfully determined.
This study includes the determination of the angular distortion of welded plates weld bead geometry, volume of deposited weld metal which came from the heat affected zones of the parent material and the filler wire, the volume of melted filler wire that is said from literature to constitute about 95% of the entire volume of the deposited weld metal and the volume of the deposited weld metal and the melting efficiency of the entire welding process was also investigated in this study. The range of the melting efficiency fell within the range of the ones reported in literature. However, the effects of the input process parameters on the output parameters that makeup the melting profile were also investigated. These output parameters which are the angular distortion, bead width, bead penetration, volume of weld metal deposited, volume of filler wire melted and melting efficiency were al predicted using the regression analysis. A correlation analysis was also done to determine the adequacy and the potency of the model and it was discovered that some predictive models were able to predict the output parameters accurately while others have little variations between the experimentally measured and the predicted values.
